Fluorinated indoles have received considerable attention because incorporation of fluorine into target molecule can influence reactivity, selectivity and biological activity. Herein, a simple microwave-assisted synthesis of novel fluorinated indole derivatives have been developed by the reaction of 5-fluoroindoline-2,3-dione with various anilines. The reaction could be conducted using readily available substrates within short periods of 9-15 min under microwave irradiation with good to excellent yields of the product (64-92%). This approach exploits the synthetic potential of microwave irradiation and copper dipyridine dichloride (CuPy 2 Cl 2 ) combination and offers many advantages such as full reaction control, excellent product yields, shorter reaction time, eco-friendly procedure and rapid feedback.
Introduction
In the recent years, microwave irradiation have proved to be well established and rapidly growing area in synthetic organic chemistry. Many organic reactions proceed much faster and with higher yields under microwave irradiation when compared to conventional heating [1] [2] [3] . In this sense, the microwave-assisted synthesis has demonstrated to be an extremely powerful tool because several synthetic transformations and bond-forming steps can be carried out in a single pot [4, 5] . Thereby, minimal chemical waste, time saving, and operational simplicity are suited to the increased demands of industry [6] . Moreover, the pharmaceutical industry requires the production of a higher number of novel chemical entities, which requires chemists to employ a number of resources to reduce the time for the production of compounds. By taking advantage of the phenomena some of the liquids and solids transform electromagnetic radiation into heat, the heating rate under microwave irradiation is several-fold higher than heating with traditional equipment [7, 8] . The coupling of a microwave heating mode with the use of solid support has allowed the synthesis of several organic compounds with higher selectivity, yield and purity [9] . Formation of fluoro compounds with usual methods is tedious and expensive, therefore, we can consider the application of 1 3 this fast and efficient way of microwave irradiation in the synthesis of these compounds [10] [11] [12] [13] .
Fluorine-containing compounds are of current interest in the research areas of pharmaceuticals, polymers, and agro-chemicals [14, 15] due to the unique properties of fluorine atom(s), such as the highest electro-negativity, the relatively close size to a hydrogen atom, increase in oxidative, hydrolytic and thermal stability [16] . Partially, fluorinated heterocycles are currently attracted much attention, since the introduction of fluorine atom into heterocyclic compounds greatly enhances the biological activities [17] [18] [19] [20] . Among those, the fluorine substituted indole derivatives have received wide applications from either synthetic or pharmaceutical view for long time due to their extensive potential bioactivities [21, 22] . Considerable attention is attracted by fluorinated indoles because it is firmly established that fluorine substitution can influence the biological activity of organic molecules [23, 24] . There are number of biologically active indole derivatives with 1-4 fluorine atoms exhibiting cytotoxic activity [25] , antiandrogenic, gene induction, gene expression, antiproliferative, antibacterial activity [26] , anti-fungal activity [27, 28] , antiviral [29] , anti-HIV effects [30] , myeloperoxidase activity [31] and receptor binding properties [25, 32] .
Intrigued by the above observation and in view of the biological importance of fluorinated indole derivatives, Herein we report the efficient and fast synthetic transformation of novel fluorinated indole derivatives under microwave irradiation using CuPy 2 Cl 2 as catalyst.
Experimental

Materials and methods
All the reagents, chemicals, starting materials and solvents were procured from commercial sources like Sigma-Aldrich, Himedia and Fluka chem, and were used as such without further purifications. The purity of the compounds were routinely checked by thin-layer chromatography (TLC) on aluminum-backed silica gel plates, 90F 254, Avra Synthesis. Melting points were determined with open capillary method and are uncorrected. IR spectra were recorded on a Nicolet 5700 FT-IR instrument (Nicolet, Madison, WI, USA) as KBr discs. The 1 H NMR and 13 C NMR spectra were measured with a Bruker-300 (Bruker Bioscience, USA), 300 MHz instrument using DMSO as solvent and TMS as internal standard. All chemical shifts were reported as δ values (ppm). Mass spectrometer with ionization energy maintained at 70 eV using on Shimadzu mass spectrometer (LCMS) and elemental analysis were carried out on MT-3 analyzer.
General Procedure
Synthesis of Fluorine Containing Indole Derivatives 5(a-j)
A mixture of 5-fluoroindoline-2,3-dione (0.01 mol) with different anilines (0.01 mol), and CuPy 2 Cl 2 (5 mol %) in ethanol (5 mL) was charged into 10 mL microwave pressure vial and irradiated in a microwave reactor (Model: CEMDiscover Focused Microwave system) under 200 W power at 60 O C. The progress of reaction was examined by thin layer chromatography (TLC) using hexane/ethyl acetate (3:1) as an eluent, there after the reaction mixture was quenched in crushed ice; the solid product was filtered and washed with water and recrystallized from ethanol.
Spectral Data of Synthesized Compounds
3-(2-(1H-Benzimidazol-2-yl)
Phenylimino)-5-Fluoroindolin-2-One (5a) 
3-(6-Chloro-7H-Purin-2-Ylimino)-5-Fluoroindolin-2-One (5i)
Results and Discussion
In the present study, our investigation started with screening CuPy 2 Cl 2 catalysts for the synthesis of 5-fluoroindoline-2,3-dione with substituted aniline under microwave 1 3 irradiation for 9-15 min to give novel fluorinated indole derivatives and compounds were isolated without any side product in good to excellent yield (5a-5j) ( Table 1 , Scheme 1). The same reaction carried out by conventional heating for 12 min, which preceded only a trace amount and required 19 h with yield of only 59%.
In case of the reaction carried out by microwave heating required very less reaction time, when compared with conventional heating to yield 5a. Therefore, an advantage of using microwave in this reaction is availability of quick reaction time and neat reaction conditions.
A variety of aromatic, chiral and heterocyclic amines were chosen to modify the substituent on the product formation. The reaction of 5-fluoroindoline-2,3-dione and 2-(4-fluorophenyl)acetamide under microwave produced the corresponding product 5d with 94% yield (Table 1 , entries 4). Chiral amine, 2,2-dimethyl-1-phenylpropane-1,3-diamine was used in order to probe the influence of the stereochemistry on the product formation. The reaction between 5-fluoroindoline-2,3-dione and chiral amine under microwave, yielded the product 5e (Table 1, entry 5) . When the reaction with this amine was carried under microwave, the corresponding product 5e is produced in moderate yield (64%). However, when the reaction was performed in refluxing with ethanol, the product is obtained in low yield (45%). This indicates that the congestion of the chiral moiety on amine affects product formation. The reactions of indoline-2,3-dione with the more congested amines, ethyl-3-amino-2-naphthoate and 6-methoxy-4-methylpyrimidine-1(6H)-amine still provided products 5f and 5g respectively. No chiral induction was recorded in this case, and the reactions (Table 1 , entries 6 and 7) gave the corresponding products 5f and 5g in high yields. This indicated that the ethoxy group and methoxy group of amines do not affect the product formation.
This reaction proceeded sluggishly in the absence of CuPy 2 Cl 2 catalyst under microwave and offered only 32% yield of the product (Table 2 , entry 5). The yield was greatly affected by the amount of catalyst loaded. When 1, 3, 5 and 10 mol % of the catalyst was used, the yields varied from 49, 71, 92 and 92% respectively (Table 2, entries 6-9). Therefore, 5 mol % of CuPy 2 Cl 2 was sufficient and use of excessive catalyst had no impact either on the rate of the reaction or on the compound yield.
To improve the yields further and to make the process environmentally friendly, the reaction of 5-fluoroindoline-2,3-dione with 6-methoxy-4-methylpyrimidine-1(6H)-amine for the formation of 5-fluoro-3-(6-methoxy-4-methylpyrimidin-1(2H)-ylimino)indolin-2-one (5g) was run in different solvents (Table 3 ). It was found that the reaction was complete in just 9 min and gave 92% yield in ethanol using CuPy 2 Cl 2 as catalyst. Thus, it was established that 5 mol % of CuPy 2 Cl 2 and 9 min of microwave irradiation under ethanol are the optimized conditions for the effective completion of this reaction. Similar optimization study was also carried out with 5g in the presence of various catalysts under microwave in ethanol. Initially, p-toluene sulfonic acid was chosen as the catalyst to carry out this reaction. As a result, long reaction times were needed and low yield was observed (Table 3 , entry 1). Attempts with different catalysts under microwave irradiation in ethanol were performed and the results are listed in Table 3 . Best yield of the desired product 5g within a short span of reaction time was achieved with CuPy 2 Cl 2 (5 mol%) in ethanol. On the basis of these promising results with CuPy 2 Cl 2 as a catalyst and ethanol as the reaction medium, we had performed a library synthesis of several fluorine containing indole derivatives. The structures of these compounds were elucidated through their IR, 1 H NMR, 13 C NMR, Mass spectra and elemental analysis. In the IR spectra, these compounds exhibited an absorption at about 3300-3500 cm −1 and 3300-3400 cm −1 characteristic of the NH stretching modes, in addition to a strong absorption around 1600-1700 cm −1 and 1500-1600 cm −1 assigned to the C=O stretching. The 1 H-NMR and 13 C-NMR spectra were consistent with the assigned structures; the NH proton appeared in the range 8-12 ppm and the C=O appeared in the range 160-170 ppm, Scheme 1 Schematic representation of compounds 5a-5j and the assignment of the remaining carbon and proton signals in each case were straightforward. The mass spectra of all compounds have showed molecular ion peak, which is in agreement with the molecular formula.
Conclusions
We have successfully developed a simple and efficient microwave-assisted synthesis of novel indole derivatives from easily available starting materials using CuPy 2 Cl 2 as a catalyst. This protocol is attractive in terms of short reaction time, simple and tolerance of various anilines, clean reaction profiles and reusability of the catalyst are some of the important features of this reaction. 
